TABLES
.
Summary of elevations, discharges, and recurrence intervals for the flood of October 12-13, 1990, for selected sites in the vicinity of Augusta, Georgia 3 2.
Peak water-surface elevations along streams, October 12-13, 1990 , in the vicinity of Augusta, Georgia 5 3.
Status of dams after the flooding of October [12] [13] 1990 , in the vicinity of Augusta, Georgia 8
ill 
INTRODUCTION
During the period October 10-12, 1990, a storm produced 8 to 11 in. of rainfall in the vicinity of Augusta, Ga., and Aiken and Clarks Hill, S.C. As a result, severe flooding occurred during the period October 12- 13, 1990 , in the basins of Butler Creek, Spirit Creek, and Little Spirit Creek; and limited flooding occurred on the Savannah River in the vicinity of Augusta, Ga. Several roads and dams were inundated or breached by flood waters; and magnified the severity of the flooding in these areas. Immediately following the flood, the U.S. Geological Survey (USGS), in cooperation with the U.S. Army Corps of Engineers (COE), Savannah District, documented the severity of the flooding and obtained high-water marks on Butler, Spirit and Little Spirit Creeks, and Savannah River, and other selected streams in the Augusta, Ga., area, which includes parts of South Carolina. Flood data obtained from this severe flood will be useful to Federal and State officials for (1) the design of roadway structures, (2) flood-plain management, (3) establishing flood-insurance rates, and (4) urban planning. Benchmarks used to survey flood elevations are provided in a supplemental data section at the back of the report.
DESCRIPTION OF STORMS
The flooding in the vicinity of Augusta, Ga. (plate 1), on October 12-13, 1990, was produced by the combination of two tropical systems and a slow-moving cold front. On October 10, a slow-moving cold front was located along a line extending from central Tennessee southwestward into Alabama and the Gulf of Mexico; and remnants of tropical storm Klaus was spreading into a series of rainstorms stretching from the Bahamas to North Carolina. These combined climatic conditions resulted in 1 to 3 in. of rain in the Augusta, Richmond County, Ga., area for the 24-hour period ending at 8:00 a.m. on October 11. At the same time, the remnants of tropical storm Klaus that were near the Florida Keys strengthened to create tropical storm Marco. By the morning of October 11, the cold front had stalled along a line from central Virginia to the Atlanta, Ga., area. Meanwhile, the other remnants of tropical storm Klaus continued moving northeastward into South Carolina and North Carolina, and tropical storm Marco was moving northward toward Georgia. By 8:00 p.m. on October 11, tropical storm Marco had moved northward and merged with the northern remnants of tropical storm Klaus and the stalled cold front. As a result of these three weather systems colliding, 7 to 8 in. of rainfall occurred in the Augusta area during the 24-hour period ending at 8:00 a.m. on October 12. Thus, a total of 8 to 11 in. of rainfall occurred in the Augusta, Ga., area during a 48-hour period. Similar 48-hour rainfall totals of 8 to 11 in. were also reported at nearby Aiken and Clarks Hill, S.C.
DESCRIPTION OF FLOODS
The excessive rainfall during October 10-12, 1990, resulted in major flooding in many of the small streams in the vicinity of Augusta, Ga. Peak discharges, flood elevations, recurrence intervals of floods, and flood damages are described for selected streams in the area.
Peak Discharges and Frequency
Peak discharges at 12 of the 15 selected sites (table 1) were computed using indirect measurements that are based on geometry of dams, highways, culverts, and bridges. Peak flows over dams and highways were computed using methods developed by Hulsing (1967) ; flow through culverts was determined using methods described by Bodhaine (1968) ; and peak flows were computed at bridges using methods developed by Matthai (1967) . Peak discharges were determined for McBean Creek, Stevens Creek and the Savannah River from previously developed elevation-discharge relations (Kennedy, 1984) . Peak discharges may be substantially increased by upstream dam failures caused by floodwaters, and conversely, substantially reduced by upstream storage of floodwaters in lakes and ponds. The effect on the peak discharges was not determined at the sites where storage was substantial and dam failures occurred.
The flood-frequency associated with a peak discharge is the probability of its occurrence in any one year. The flood recurrence interval (the reciprocal of the probability of occurrence) is the average time interval, in years, between floods that equal or exceed the indicated magnitude. For example, a flood with a 100-year recurrence interval may be expected to be equaled or exceeded an average of once in 100 years. Stated another way, it is a flood that has a 1-percent probability of occurring in any given year. However, this does not imply that it will be 100 years before another event of that magnitude occurs, but the recurrence interval is an average of the number of years between events. For sites where the recurrence interval exceeds 100 years, the ratio of the peak discharge to the 100-year flood discharge is given in table 1 rather than the recurrence interval. For example, a ratio value of 1.7 indicates that the peak discharge was 1.7 times greater than the 100-year flood discharge. The ratio is given only to show the magnitude of the discharge relative to the 100-year flood, and does not indicate that the flood had a recurrence interval of 170 years. When at least 10 years of flooddischarge data are available, flood-frequency relations are computed using annual maximum discharges and methods described in "Guidelines for Determining Flood Flow Frequency", Bulletin 17B of the U.S. Water Resources Council (1981) . In the absence of long-term-discharge stations, flood-frequency relations may be computed from regional equations developed with data from nearby long-term discharge stations. The regionalized equations are derived for free-flowing streams that are not affected by storage in lakes or by dam failures. Recurrence intervals are estimated (table 1) using methods described by the U.S. Water Resources Council (1976 Council ( , 1981 ; and Price (1979) ; Whetstone (1982) ; Inman (1988); and Sanders and others (1990) . I/Peak discharge affected by dam failure. 2/Value is the ratio of maximum discharge to the 100-year discharg< 2/From methods described by Inman (1988) . 4/Gage height. From methods described by Whetstone (1982) . £/From methods described by Price (1979 
High-Water Marks and Flood Profiles
High-water marks left by the flood of October 12-13, 1990, were identified immediately following the flood from field surveys at road crossings along Butler, Spirit, and Little Spirit Creeks, and along a reach of the Savannah River. Elevations of these high-water marks were determined by standard surveying techniques using benchmarks established by the Federal Emergency Management Agency (FEMA) (1987), and are described in the Supplemental Data section at the back of this report. The flood elevations are useful to determine the relations between property elevations and the October 12-13, 1990, flood elevations (plate 1 and table 1). The flood elevations along Butler, Spirit, and Little Spirit Creeks and the Savannah River are listed in table 2.
Flood Damage
The heavy rainfall in the vicinity of Augusta, Ga., flooded several streets and homes during October 12-13, 1990. Newspaper reports stated that an estimated $40 million in damages occurred in the Augusta, Ga., area (The Augusta Chronicle, 1990). More than 700 people were evacuated from low-lying areas and one fatality occurred (The Augusta Chronicle, 1990).
Several roads were inundated and closed along Butler Creek (the bridge at Old U.S. Highways 78 and 278) and Spirit Creek (bridges at Willis Foreman and Windsor Spring Roads, U.S. Highway 25, Old Waynesboro and Goshen Roads, and Georgia Highway 56). Bridges on Little Spirit Creek were not indundated, and flooding along the Savannah River generally was limited to low-lying areas. Because of the severity of the flood, ponds and reservoirs on Butler, Spirit, and Little Spirit Creeks were filled to, or near, maximum capacity, and some dams were overtopped or breached (table 3) .
SUMMARY
The flooding in the vicinity of Augusta, Ga., during the period October 12-13, 1990, was caused by 8 to 11 inches of rainfall during the period October 10-12. Severe flooding occurred on Butler, Spirit, and Little Spirit Creeks which resulted in several roads and dams being inundated and several dam failures. Also, limited flooding occurred on the Savannah River in the vicinity of Augusta. Flood damage was estimated to be $40 million, and one fatality occurred. Peak discharges and recurrence intervals were determined at 15 sites. Recurrence intervals ranged from 5 years to greater than 100 years. The effect on peak discharges was not determined where lake storage was substantial and where dam failures occurred. High-water marks were obtained along reaches of Butler, Spirit, and Little Spirit Creeks and the Savannah River. 
